a b s t r a c t here we describe a method of hydrocarbon (alkanes, alkenes, dienes) identification and quantitative determination of linear saturated hydrocarbons (n-alkanes) in beeswax using gas chromatography with a mass detector technique (gc-ms). beeswax hydrocarbons were isolated using a solid-phase extraction (spe) technique with neutral aluminum oxide (alumina -n, 1000 mg, 6 mL), then were separated on a non-polar gas chromatography column Zb-5ht inferno (20 m×0.18 mm×0.18 µm). qquantitative analysis of n-alkanes was conducted by the method of internal standard with squalane used as the internal standard. the basic parameters of validation (linearity and working range, limit of determination, repeatability and reproducibility, recovery) were determined. for all of the identified compounds, satisfactory (≥0.997) coefficients of correlation in the working ranges of the method (from 0.005 to 5.0 g/100 g) were obtained. the elaborated method was characterized by satisfactory repeatability and within-laboratory reproducibility. the average coefficients of variation for the total n-alkanes did not exceed 2% under conditions of repeatability or 4% under conditions of reproducibility. the recovery for individual n-alkanes was above 94%; for their total content, it was 100.5%. in beeswax originating from apis mellifera, n-alkanes containing from 20 to 35 carbon atoms in their molecules were determined. the total content of these alkanes was between 9.08 g and 10.86 g/100 g (on average, 9.81 g/100 g). additionally, apart from the saturated hydrocarbons, unsaturated hydrocarbons and dienes were identified.
introDuction
Beeswax is a wax gland secretion of bee workers. The wax glands show the greatest activity in bees from 9 to 15 days old, but depending on the needs of the bee colony, wax can produce the bees slightly younger or much older (Skowronek, 1973) . Chemically, it is a complex mixture of compounds, of which over 300 have been identified so far. Beeswax components fall into the following chemical groups: esters (67%), hydrocarbons (14%), fatty acids (12%), and alcohols (1%) (Tulloch, 1980) . Among the hydrocarbons, the most numerous group are linear saturated hydrocarbons (n-alkanes), accounting for ca. 67% of all hydrocarbons occurring in beeswax; branched alkanes occur in much smaller amounts (0.2%). Apart from saturated hydrocarbons, unsaturated hydrocarbons containing one double bond (alkenes) can also be found in beeswax (Streibl et al., 1966) . Furthermore, some authors (Giumanini et al., 1995; Lorbeer, 1999, 2000; Jimenez et al., 2004) indicate the presence of dienes, unsaturated hydrocarbons with two double bonds. Beeswax is mainly used in beekeeping to produce the comb foundation. However, this product is also widely used in chemical, cosmetic, pharmaceutical, and food industries, among others. It is registered in the EU under the symbol E901 (EFSA, 2007) . Because beeswax is quite frequently adulterated with cheaper hydrocarbons of alien origin, it is necessary to be able to perform accurate qualitative and quantitative analysis of beeswax hydrocarbons. Many methods used so far for determination of hydrocarbons in beeswax and of beeswax adulteration have been based on physico-chemical parameters, such as melting point, density, solubility, and sa-Determination of beeswax hydrocarbons by GC-MS ponification, acid and ester values, and iodine index (Tulloch, 1973; Serra Bonvehi et al., 1989; Serra Bonvehi, 1990; Vit et al., 1992; Poncini et al., 1993) . Those methods, although still used in the evaluation of beeswax quality (Bogdanov, 2004; Bernal et al., 2005; Serra Bonvehi and Ornantes Bermejo, 2012; Maia and Nunes, 2013) , are not very accurate and often require verification with chromatographic methods. Chromatography allows separation and determination of individual components of beeswax. In the 1950s and 1960s, aluminum oxide and silica gel, among others, were used to separate different groups of beeswax compounds Wöllner, 1953, 1954; Fusch and de Jong, 1954; Curyło and Zalewski, 1957a, b; Curyło and Ignaszewska, 1969) . Column chromatography combined with weight analysis is still recommended in the domestic standards for beeswax (DGF-M-V-6, 1957; PN-R-78890, 1996) . This technique does not, however, allow for identification of individual compounds but only for determination of their quantity; thus, it is impossible to characterize hydrocarbons and other beeswax constituents accurately. The study of the composition of beeswax became possible with the advent of gas chromatography techniques. This method was used for the first time for the analysis of beeswax hydrocarbons by White et al. (1960) and Downing et al. (1961) . Gas chromatography with different kinds of detection (FID, MS) is now commonly used in studies of beeswax composition (Aichholz and Lorbeer, 1996 , 1999 , 2000 Jimenez et al., 2003 Jimenez et al., , 2004 Jimenez et al., , 2006 Jimenez et al., , 2007 Jimenez et al., , 2009 Serra Bonvehi and Ornantes Bermejo, 2012; Maia and Nunes, 2013) , and the majority of compounds belonging to certain homologous series have been characterized. However, some beeswax constituents remain unknown despite the use of the most recent chromatography techniques. Analysts encounter considerable difficulties when studying isomers because in many cases, it is impossible to find the location of the unsaturated bonds. Some problems with the quantitative analysis of individual compounds can be noted in the majority of the above-reported works, including difficulties with determining hydrocarbon content, which is particularly meaningful when detecting beeswax adulterations. The study aim was to develop a method of hydrocarbon identification (alkanes, alkenes, dienes) and quantitative determination of n-alkanes in beeswax using gas chromatography with a mass detector (GC-MS) technique.
materiaL anD methoDs reagents
The analytical standard mixtures of n-alkanes (C 8 H 18 -C 20 H 42 and C 21 H 44 -C 40 H 82 ) were obtained from Fluka (Buchs, Switzerland; Saint Louis, MO, USA). A standard mixture of n-alkanes from C 10 H 22 to C 35 H 72 was provided by Dr. Ehrenstorfer (Augsburg, Germany). Squalane (99.9% purity) from Supelco (Bellefonte, PA, USA) was used as an internal standard. Hexane SupraSolv® for gas chromatography (≥98% purity) was obtained from Merck (Darmstadt, Germany), and heptane anhydrous (≥98.5% purity) was from Sigma-Aldrich (Steinheim, Germany). Solidphase extraction (SPE) cartridges filled with neutral aluminum oxide (Alumina -N, 1000 mg, 6 mL) were purchased from Agela Technologies (Wilmington, DE, USA). Helium (99.9999% purity) was provided by Air Products (Warsaw, Poland).
beeswax samples
The experimental material comprised samples of beeswax (n = 7) originating from Apis mellifera, obtained from light combs (so-called "virgin wax"). The beeswax samples were collected in the years 2007 -2008 at apiaries of the Apiculture Division in Puławy. The pieces of beeswax combs were melted in a drier at a temperature of 70 -75°C and purified on a filter made of gauze. Homogenized and free from mechanical impurities, beeswax samples were kept in a dry, cool, and dark place until further analysis.
sample preparation Following addition of 7.5 mL of heptane to the beeswax sample (0.05 ± 0.001 g), the sample was shaken at 50°C for about 12 min until the beeswax dissolved. After cooling of the solution, 2.5 mL of squalane at 400 mg/L was added. Then, the beeswax hydrocarbons were isolated using SPE with columns filled with neutral aluminum oxide. The procedure of hydrocarbon extraction from beeswax with the SPE method is shown in Figure 1 . Finally, the eluate (hydrocarbon fraction) was collected into a 10 mL flask, which was filled to a certain volume with heptane. The solution then was transferred to the autosampler vial and chromatography analysis carried out.
screening of beeswax hydrocarbons with the gc-ms technique A gas chromatograph with mass detector (GCMS -QP2010 Plus) manufactured by Shimadzu was used to develop a method for the determination of hydrocarbons in beeswax. Hydrocarbons were separated on a non-polar column ZB-5HT INFERNO 20 m × 0.18 mm × 0.18 µm (Phenomenex). Helium was used as the carrier gas, and its flow through the column was set at 1.0 mL/min. The temperature of the injector was set at 320°C. The sample was injected in the splitless mode and under 300 kPa (high pressure injection mode). The volume of the sample solution injected on the column was 1 µL. The initial temperature was set at 80°C (1 min), and then a temperature gradient of 15°C/min was applied until 340°C was reached, at which further separation of hydrocarbons was carried out. The electron source (EI) was used for the ionization of the gas phase molecules. A standard ionization energy of -70 eV was used, and the temperature of the ion source was set at 250°C. The interface temperature was 348°C, and the detector temperature was 350°C. The value of voltage on the detector was equal to the voltage obtained during autotune. The range of mass scanning was set at 50 -700 U. Identification of unbranched alkanes in beeswax was conducted on the basis of comparison of the retention indexes of individual n-alkanes in the standard solution and the analyzed solution, and by comparison of the obtained mass spectra of n-alkanes with the mass spectra collected in the NIST 05 Mass Spectra Library. The qualitative analysis of alkenes and dienes was conducted on the basis of the mass spectra. When the mass spectrum of a particular compound was lacking from the library, identification was conducted on the basis of the fragmentation pathway and the presence of ions characteristic for the particular group of chemical compounds.
quantitative analysis of n-alkanes in beeswax
The quantitative analysis of unbranched alkanes was conducted using an internal standard method. The standard mixture of n-alkanes (C 8 H 18 -C 40 H 82 ) was used with the internal standard, squalane (C 30 H 62 ). The concentration of each compound was 10 mg/L.
assay validation
The basic parameters of validation were determined, such as linearity and working range, limit of determination, repeatability and within-reproducibility, and recovery. Linearity was determined on the basis of 11 concentrations (0.025, 0.05, 0.0625, 0.125, 0.25, 0.625, 1.25, 2.5, 5.0, 10.0, and 25.0 mg/L) of the standard mixture of n-alkanes from C 20 H 42 to C 35 H 72 , and 9 concentrations (0.05, 0.0625, 0.125, 0.25, 0.625, 1.25, 2.5, 5.0, and 10.0 mg/L) for n-alkanes from C 36 H 74 to C 40 H 82 . Limits of determination of the method were calculated for individual n-alkanes on the basis of the calibration curve, taking the lowest concentrations for which the linearity of the method has been maintained. The repeatability and withinlaboratory reproducibility were determined based on the variability coefficients calculated for the contents of individual n-alkanes in the beeswax sample (with the total of n-alkanes equaling 9.24 g/100 g.) Two solutions of beeswax with a concentration of 0.5 mg/ mL were injected into the chromatographic column to determine the recovery of n-alkanes. One solution was obtained after extraction on the SPE columns. The second one was prepared by dilution of 0.05 g of beeswax in 7.5 mL of heptane, to which 2.5 mL of internal standard (squalane with c = 400 mg/L) was added. To obtain the same concentration as after the extraction with the SPE technique, the solution was diluted 10 times with hydrocarbons interfering compounds (e.g., esters) Fig. 1 . Extraction of hydrocarbons from beeswax with the SPE technique a) conditioning with 2 mL of hexane b) injection of 1 mL of beeswax solution in heptane (c = 5 mg/mL) c) washing -elution of hydrocarbons from the intergrain spaces with 3 mL of hexane.
Determination of beeswax hydrocarbons by GC-MS heptane. Both beeswax solutions were subjected to chromatographic analysis, and the contents of individual n-alkanes were calculated. The recovery for each determined compound after the extraction with the SPE technique was calculated from a ratio, with reference to the contents of individual alkanes in the solution without the SPE. The content of a specific n-alkane in the solution without the SPE was assumed to be 100%. The recovery for the internal standard was determined on the basis of the internal standard peak heights obtained from the beeswax solution directly injected into the column (without SPE) and from the solution after SPE. The calculations were done in the same way as in the case of n-alkanes, assuming 100% for the average internal standard height from the solution without SPE.
resuLts qualitative analysis of beeswax hydrocarbons
The chromatograms of n-alkanes in the standard mixture and of beeswax hydrocarbons obtained using the GC-MS method are presented in Fig. 2 and 3, respectively. In beeswax, long unbranched hydrocarbons (n-alkanes) containing from 20 to 35 carbon atoms in their molecules were identified (Fig. 3 , Tab. 1). Apart from n-alkanes, alkenes also were found in beeswax. For certain alkenes (C 23 H 46 , C 25 H 50 , C 27 H 54 , C 31 H 62 , and C 35 H 70 ), two isomers were detected. For C 31 , C 33 , and C 35 , dienes also were identified (Fig. 3 , Tab. 2). In mass spectra of n-alkanes and alkenes, certain groups of peaks were observed when the m/z values differed by 14 Da. The peak of the highest intensity occurred in every group. In the case of n-alkanes, the peak corresponded to the ions [C n H 2n+1 ] + and occurred when m/z = 57, 71, 85, 99, etc.; in the case of alkenes, the highest intensity had the peaks of the C n H 2n and C n H 2n-1 ions. In addition, mass spectra of these compounds differed in molecular ions. Examples of the mass spectra of n-alkanes, alkenes, and dienes are presented in Fig. 4 -6 . The similarity index (SI) in the case of the spectra obtained for all of the beeswax n-alkanes was over 90% (Tab. 1).
quantitative analysis of n-alkanes in beeswax The total content of the n-alkanes determined in beeswax was between 9.08 and 10.86 g/100 g (on average 9.81 g/100 g), with the standard deviation (SD) and the coefficient of variation (CV) amounting to 0.66 and 6.7%, respectively (Tab. 3). The content of n-alkanes containing odd numbers of carbon atoms in molecules was considerably higher than the content of n-alkanes with even numbers of carbon atoms in molecules. The average percentage content was 6.4% for the total of even-numbered n-alkanes and 93.6% for the total of odd-numbered n-alkanes. The highest values were determined for the alkanes C 27 H 56 , C 29 H 60 , C 31 H 64 , and C 25 H 52 . The average contents of these alkanes were respectively 33.3, 21.8, 19.8, and 9.7% of the total content of linear alkanes determined in the beeswax (Tab. 3). The highest variability (CV≥40%) was observed for the contents of C 22 H 44 , C 24 H 50 , and C 32 H 66 , and the lowest sample variability was found for the contents of C 27 H 56 (5.3%), C 29 H 60 (6.2%), and C 31 H 64 (10.8%). Based on the intensity of peaks of unsaturated hydrocarbons, C 31 H 62 and C 33 H 66 had the highest share of the unsaturated hydrocarbons in beeswax (Fig. 3) . * mean similarity index of the mass spectra in comparison to mass spectra in the NIST 05, expressed in % ** molecular ion not observed ***identification on the basis of retention time, fragmentation pathway, and ion peak characteristic for n-alkanes Validation results of the method for determining n-alkanes in beeswax For all of the identified compounds, satisfactory (≥0.997) coefficients of correlation in the method's working range determined for individual n-alkanes were obtained (Tab. 4). Limits of determination of the method were defined as follows for each alkane: 0.005 g/100 g (for alkanes from C 20 H 42 to C 30 H 62 ), 0.01 g/100 g (for C 31 H 64 and C 32 H 66 ), 0.0125 g/100 g (for C 33 H 68 ), 0.025 g/100 g (for alkanes from C 34 H 70 to C 38 H 78 ), and 0.05 g/100 g (for C 39 H 80 and C 40 H 82 ). The results obtained for the repeatability and within-laboratory reproducibility are shown in Table   5 . The average coefficients of variation under the conditions of repeatability and within-laboratory reproducibility were 2.04% and 3.98%, respectively (Tab. 5). The results obtained for the recovery of individual n-alkanes and for the total n-alkanes in the beeswax are presented in Table 6 . The highest recovery (over 100%) was obtained for C 20 H 42 , C 27 H 56 , C 29 H 60 , and C 32 H 66 , and for the total n-alkanes. The lowest recovery was obtained for C 22 H 46 (94.4%). The recovery for the internal standard (C 30 H 62 ) was 96.6%. 
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Discussion
Gas chromatography with mass detector (GC-MS) was used to develop a method for identification of beeswax hydrocarbons and for quantitative determination of n-alkanes, the biggest group of hydrocarbons occurring in beeswax. In previous related reports (Aichholz and Lorbeer, 2000; Jimenez et al., 2004; Serra Bonvehi and Ornantes Bermejo, 2012; Maia and Nunes, 2013) , the GC-MS technique was used mainly for qualitative analysis of beeswax hydrocarbons; however, detailed quantitative analysis of these compounds was not conducted, and only their percentage shares were determined. Satisfactory chromatographic separation of n-alkanes and for some alkenes and dienes was obtained on the ZB-5HT INFERNO (20 m × 0.18 mm × 0.18 µm) column with adequately set separation parameters (temperature and carrier gas flow, among others). Similar conditions of chromatographic separation were used by Jimenez et al. (2004) and Maia and Nunes (2013) ; however, they employed a longer (30 m) column and different temperature program. These differences and the lack of the preliminary stage of separation of the hydrocarbon fraction from the remaining beeswax compounds resulted in a much longer time of analysis in those studies. When using the GC-MS technique in the analysis of beeswax hydrocarbon composition, the stage of sample preparation is very important and involves removing all the impurities and interfering compounds (e.g., esters). Here, for the isolation of beeswax hydrocarbons, SPE was used with columns filled with neutral aluminum oxide according to our own elaborated procedure. Applying the SPE technique allowed improved detection and increased selectivity in relation to the separated analytes. The recovery for the majority of the n-alkanes was over 95%. The isolation of the hydrocarbon fraction allowed for a significant decrease (from 45 to about 25 min) in the analysis time and substantially simplified the qualitative and quantitative analysis of the determined compounds. Using SPE at the sample preparation stage had the most significant effect for determining n-alkanes with even numbers of carbon atoms in a molecule, which are difficult to detect. In the case of determination of hydrocarbons without the preliminary purification of a sample, with other compounds of beeswax, the n-alkanes peaks, Table 6 . Recovery (%) of the individual n-alkanes and internal standard (IS) in beeswax (n = 3) after SPE 
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especially even-numbered n-alkanes, overlapped with the peaks of esters. This overlap could have led to inaccurate results of the quantitative analysis. Jimenez et al. (2004) also indicated this problem connected to peak overlap. Moreover, the method reported here for quantitative analysis of n-alkanes in beeswax with GC-MS is characterized by satisfactory repeatability and within-laboratory reproducibility. For all of the identified compounds, satisfactory (≥0.997) coefficients of correlation were obtained in the working ranges of the method determined for individual n-alkanes. The results of the GC-MS analysis showed that the dominant group of the beeswax hydrocarbons is n-alkanes containing from 20 to 35 carbon atoms in their molecules. These results are in line with those previously reported by other authors, although slightly different lengths of the carbon chains were indicated (White et al., 1960; Downing et al., 1961; Lorbeer, 1999, 2000; Jimenez et al., 2004; Serra Bonvehi and Ornantes Bermejo, 2012) . The differences in the qualitative composition of the beeswax reported by different authors are undoubtedly caused by various limits of detection of these compounds and by the manner of beeswax sample preparation for the analysis. In the studies here presented, it was impossible to identify alkanes containing fewer than 20 carbon atoms in the molecule because of the extraction of hydrocarbons with the SPE technique employed at the stage of the sample preparation for the chromatographic separation. The chromatographic analysis of the "blank" beeswax sample showed the presence of peaks originating from the impurities eluted from the SPE column with the same retention times as peaks originating from these alkanes. Hence, it was impossible to establish whether the peaks originated from alkanes occurring in beeswax or from the impurities. Using the elaborated GC-MS method resulted in the identification of saturated hydrocarbons (n-alkanes) and also alkenes and dienes. Other authors have reported the presence of these unsaturated hydrocarbons in beeswax (Streibl et al., 1966; Serra Bonvehi, 1988; Giumanini et al., 1995; Lorbeer, 1999, 2000; Jimenez et al., 2004 Jimenez et al., , 2007 Serra Bonvehi and Ornantes Bermejo, 2012) . Streibl et al. (1966) observed that the highest share, similar to the alkanes, had alkenes with odd numbers of carbon atoms in their molecules (especially C 31 H 62 and C 33 H 66 ). They also indicated that these hydrocarbons occur mainly in a form of the cis isomers while locating the double bond at C 10 in most of the alkenes. The results of our studies did not allow identification of the double bonds in the molecules of the unsaturated hydrocarbons because of some limitations of the equipment. When using the mass spectrometer with single quadrupole, it is impossible to locate the unsaturated bonds and to fully identify the isomers. Because of the lack of standards for the unsaturated hydrocarbons, it was also impossible to perform quantitative analysis. However, based on the intensity of the peaks, it was determined that similar to the reports of Streibl et al. (1966) , C 31 H 62 and C 33 H 66 had the highest share. Lorbeer (1999, 2000) identified only these two alkenes in the wax secreted by A. mellifera, but these authors, as well as Serra Bonvehi and Ornantes Bermejo (2012) , found no dienes in A. mellifera beeswax.
The results obtained here of the qualitative analysis of the unsaturated hydrocarbons are similar to those of Jimenez et al. (2004 Jimenez et al. ( , 2007 . Differences concern the amount of identified isomers and result from different limits of detection, as with the qualitative analysis of the saturated hydrocarbons. Jimenez et al. (2004 Jimenez et al. ( , 2007 In the present studies, the quantitative analysis of n-alkanes of beeswax using the internal standard method was also performed. Our results of the n-alkane content in the beeswax are hard to compare with published data, though. Lorbeer (1999, 2000) estimated the percentage share of individual alkanes based on the ratio of the certain peak area to the sum of the areas of peaks obtained for all of the analyzed compounds (the method of internal normalization). The total alkanes in wax originating from A. mellifera calculated in this way were slightly higher than the maximum content of all alkanes calculated in the current work. The percentage share of individual alkanes reported by Jimenez et al. (2004 Jimenez et al. ( , 2006 Jimenez et al. ( , 2007 and Serra Bonvehi and Ornantes Bermejo (2012) is also hard to compare with the results of our studies because of different calculation methods (these were not the typical quantitative analyses with the usage of standards) as well as different analytical methods. Jimenez et al. (2004) determined the content of individual compounds according to the intensity of peaks obtained with the GC-MS method.
In their later studies (Jimenez et al. 2006 (Jimenez et al. , 2007 Serra Bonvehi and Ornantes Bermejo, 2012) , these groups used the technique of gas chromatography with FID detector for the quantitative analysis of the beeswax hydrocarbons. For the percentage share of individual alkanes, they calculated based on the ratio of certain peak area to the area of the peak obtained for the internal standard. Thus, they assumed that the signal coming from the detector for all of the determined compounds was the same as for the internal standard. Our studies indicate that this is not true, which is why we used the internal standard method for quantitative determinations, with squalane as the internal standard, and a standard mixture of all identified compounds. The total content of hydrocarbons estimated by Serra Bonvehi and Ornantes Bermejo (2012) was higher in comparison with the results obtained in our study. The higher content resulted from the above-mentioned differences in calculations and the content of alkenes that were added to the total of hydrocarbons. The results of White et al. (1960) were also higher than those reported here because, similar to the results of Serra Bonvehi and Ornantes Bermejo (2012) , they relate to the total of all hydrocarbons occurring in beeswax, while in the current study only unbranched alkanes were determined quantitatively. In our studies, the content of unbranched n-alkanes containing an odd number of carbon atoms was significantly higher in comparison to the content of n-alkanes with an even number of carbon atoms. Significant dominance of the odd-numbered alkanes over the even-numbered alkanes in beeswax already was reported in the first chromatographic studies of beeswax (White et al., 1960; Streibl et al., 1966) . Those findings were also confirmed by the most recent reports Lorbeer, 1999, 2000; Jimenez et al., 2004 Jimenez et al., , 2006 Jimenez et al., , 2007 Serra Bonvehi and Ornantes Bermejo, 2012) . The discrepancy in the quantitative results obtained by different authors, as already mentioned before, follows in the first place from the method of calculation, as clearly shown when comparing the contents of individual compounds. The manner of sample preparation for the chromatographic analysis also substantially influenced the final results. In our studies, for the purification of the sample and isolation of the hydrocarbon fraction from beeswax, the SPE technique was used, while other authors Lorbeer, 1999, 2000; Jimenez et al., 2007; Serra Bonvehi and Ornantes Bermejo, 2012 ) determined the hydrocarbons along with other compounds of beeswax. During the current studies, it was observed that if the hydrocarbons were analyzed with other beeswax compounds, the results of the quantitative analysis could be overestimated because the peaks originating from alkanes (especially even-numbered alkanes) can overlap with the ester peaks. As noted, Jimenez et al. (2004) have previously mentioned this problem.
concLusions
The elaborated method for hydrocarbon determination using a GC-MS technique allows identification of beeswax hydrocarbons (alkanes, alkenes, and dienes) and quantification of unbranched alkanes (n-alkanes). Extraction of hydrocarbons from beeswax using the SPE technique with columns filled with neutral aluminum oxide facilitates the qualitative and quantitative analysis of these compounds. The largest group of beeswax hydrocarbons is the n-alkanes, containing from 20 to 35 carbon atoms. The percentage share of the odd-numbered n-alkanes is significantly higher in comparison to even-numbered alkanes and amounts to about 94%. In addition to the saturated hydrocarbons, unsaturated hydrocarbons such as alkenes and dienes occur in beeswax.
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